Abstract-This paper presents the overall design of the hot spot detection and air flow control for a wall-mounted airconditioner system. The system is designed to find out the hot areas that will cause the cool air from the air-conditioner not equally distributed to all areas in a room. Therefore, one of the solutions is to control airflow of the air-conditioner so that the cool air could reach to that particular area for cooling purpose. As a result, it will increase the efficiency of the air-conditioner by cooling the hot areas (hotspot) instead of cooling the area that has already cooled. The random air swing in most conventional air-conditioner system does not help much in cooling the hotspot area, however, the proposed system is designed to cater that issue. The experiment has been done on the system by using the highest temperature method to detect the presence of human. The system can detect human based on the generated temperature array. For testing and data analysis, the user interface was developed using Matlab and the real application software was built on a smartphone using Android Studio software in order to control the airflow conveniently.
INTRODUCTION
Air-conditioner systems have the highest power consumption as compared to other electrical appliances at home [1] . In recent years, many types of research and development had been done on energy-saving control in airconditioner system [2] . There are several ways to enhance the energy efficiency. They are divided into Novel cooling devices, innovate system design and integration, and operational management and control [3] .
Improving energy efficiency of the air-conditioner can be done by optimizing air conditioner system and it will have a large impact in reducing the overall energy consumption [4] . One way of optimizing the air-conditioner system is by implementing an intelligent air flow and control strategies into the air-conditioner system under the operational management and control [3] . Usually, the air-conditioner systems need to maintain at the room temperature within desired range rely on the sensor at a specific location that limited to the area around the individual sensor. Traditional air-conditioner systems using wired temperature sensor installed at certain fixed locations which are inconvenient for deployment [4] . There is another type of sensor that located inside the air-conditioner and that causes severely decrease in the data accuracy. Moreover, an inaccuracy feedback data will increase the energy wastage and decrease the comfort [2] . The new type of sensors which is wireless sensor becoming more popular due to their convenience and versatility. However, there are also other problems emerged on how to effectively harness the potential of wireless sensors. Wireless sensors are energy-constrained, they need a battery to power up, and wireless sensors cannot work in an uncertain environment with minimal human supervision as they can be dynamically displaced in a new environment [4] .
Conventional air-conditioner systems have the highest power consumption compared to other electrical appliances. It needs to cool down the whole room for a long period but that is not necessary to cool down the whole room. The sensor at a specific location is one way to let the air-conditioner system know that the specific area needs to have a cooler temperature. The sensor at a specific location is only limited to the area around the individual sensor, it does not cover the whole room, installing process such as wiring and fixing the sensor at the specific location is troublesome especially in a vast room. In that case, wireless sensors can be a choice here to fix the sensor at a specific location such as XBee. Using XBee as the transmitter to transmit the sensor data to the main controller to process the temperature value and hence the air-conditioner will react based on the data collected.
Conventional air-conditioner systems have the highest power consumption compared to other electrical appliances. It needs to cool down the whole room for a long period but that is not necessary to cool down the whole room. The sensor at a specific location is one way to let the air-conditioner system know that the specific area needs to have a cooler temperature. The sensor at a specific location is only limited to the area around the individual sensor, it does not cover the whole room, installing process such as wiring and fixing the sensor at the specific location is troublesome especially in a room. In that case, wireless sensors can be a choice here to fix the sensor at a specific location such as XBee. Using XBee as the transmitter to transmit the sensor data to the main controller to process the temperature value and hence the air-conditioner will react based on the data collected.
One of the drawbacks of the wireless sensor is that the wireless sensor needs a battery to power up the sensor. Hence every spot of the sensor need its own battery source, consequently, it will be having a higher cost to have the system to cover every space. As a conclusion, conventional airconditioner system has the highest power consumption, the sensor at a specific location is impractical due to the wiring and wireless sensor at each location is expensive. To overcome such problems, we need to develop a system that can cover the whole room with low cost and involves minimal hardware.
In this paper, the thermal sensor is used to detect the temperature inside a room and divided into a 4×4 array. Where there is no need to install every sensor at a certain spot in the room. Since the sensor using the camera, there is no problem to embed the sensor inside the air-conditioner without affecting the performance of the sensor, where there is no inaccuracy feedback of data. Unlike wireless sensor, this sensor can acquire power directly from the air-conditioner control board it is required to embed inside the air conditioner otherwise others power source such as a battery is needed.
II. HUMAN DETECTION TECHNOLOGY FOR AIR-CONDITIONING SYSTEM
Over the years, several detection methods have been proposed and developed to increase the efficiency of the airconditioners. Among the detection methods are fuzzy logic control [2] , temperature control [5] , and intelligent air flow controller [3] . The sensors are employed to detect not only the surrounding temperature but the temperature of human as well which assists the system to decide how to control the airconditioner. Human detection using sensors has been widely introduced. Basically, there are two types of sensor used to detect human, one of them is using passive infrared sensor (PIR) [6] , and another one is using the camera by applying image processing technique where the shape of the human body can be identified [7] .
A. PIR Sensor
PIR sensor is also known as a pyroelectric infrared sensor which built based on the concept of pyroelectricity. It is widely used as a simple yet powerful people presence trigger [6] . They often use in automatic lighting system [6] , security and family theft-proof system [8] . It has on-contact characteristic [8] . A PIR sensor will detect thermal energy and a Fresnel lens array that focuses the infrared energy and divides the field of view (FOV) into optic zones and dark zones [8] . The incident heat is transferred into an electrical signal and the output current is proportional to the temperature change and the elements area. The existing PIR sensors are susceptible to be interfered by non-human infrared sources and the false rate is high which limit their application. To reduce false alarm rate, more PIR sensor can be used [8] .
B. Camera
The presence of a human can be detected by using a camera. There is a system detect human based on human shape information [11] . To detect the human using camera, the system needs to distinguish the person from non-person rigid or non-rigid objects. If the moving object is a human the algorithm should manage to track the target, but in practice, many factors need to be considered such as the video quality and motion of the background [12] .
C. I.C Thermal MEM Sensor
I.C thermal MEM sensor is a sensor used to detect infrared radiation and suitable to detect human. The function of the sensor is to measure the surface temperature of an object where the sensor detects the intensity of the infrared radiation. In addition, the sensor uses custom designed sensor ASIC and signals processing microprocessor and algorithm into tiny package [9] . Here, the I.C thermal MEM sensor, compared to other typical pyroelectric sensor is better for human presence detection while ordinary pyroelectric sensor needs detect a change of the signal to detect the presence of human where the thermal sensor can pick-up the data continuously. Thus, it means that that sensor can detect stationary human as well. An ordinary pyroelectric sensor is not able to catch the signal of a human when human is not moving. The accuracy of the pyroelectric sensor in human detection is not high as discussed in [10] . The difference of PIR sensor and MEM sensor is shown in Fig. 1 .
A thermal sensor detects the temperature by reading the temperature on a silicon lens. Field of view is a view angle; it has a view angle of 44.2° for the x-axis, and 45.7° for the yaxis. Fig. 2 shows the sensitivity characteristic left side shows the FOV of one of the MEM sensor has 4x4 arrays which are 16 pixels and the right shows the FOV of one pixel. 
III. METHODOLOGY
The proposed system is divided into two parts. The first part describes the hardware system development. The second part elucidates the control algorithm which is the technique to process the data.
A. System Hardware
The system is composed of several hardware parts, while the embedded microcontroller that used in this project is Arduino Nano. An array thermal sensor which is the Omron D6T-44L-06 was used to collect the temperature data. Two servo motors were used to control the air swing of the airconditioner so that the air flow can be adjusted to all directions (x-and y-axis). Since, it is difficult to modify the original motor and swing system of the air conditioner unit, a new swing control unit has been developed. The integration of the main component of the proposed system is presented in Fig. 3 .
The D6T-44L-06 thermal sensor is powered using 5V and connected to Arduino Nano through the I 2 C protocol. When the Arduino Nano is receiving the sensor data, and the sensor data that received will be analyzed. The Arduino Nano will then make a decision and react to the wall mounted air-conditioner's air swing to blow the air at the hotspot region. In this part, all the components will put together by connecting the specific pin of the sensor and servo motor to the specific ports of the microcontroller, which the microcontroller will function as to process the sensor value and decide where the air swing should be directed to which controlled by the microcontroller. For example, when the 4×4 sensor detected there is a hot temperature near the corner of the room then the air swing will direct the cold air using the servo motor to the target.
The servo motor is fixed to the framework. The minimum of the flaps can reach is 115° and the maximum for the flaps can reach is 180°. Therefore, to direct the airflow to the 4×4 array, the maximum and minimum values are set into four ranges by using the following formula
Step = (Max. angle -Min. angle) / 3
(1)
Hence, the step for each region will be approximately 22°. From the minimum of 115°, adding the step of 22° we will get 4 ranges out of it which are 115°, 137°, 159° and 180°. The formula is applied inside Arduino Nano for the flaps to work.
B. Control Algorithm
The Arduino Nano needs software to operate it so that it can decide at which temperature and at which position the servo motors need to move. The algorithm is implemented inside the Arduino Nano using coding of the Arduino IDE. When the sensor is sending the data to the Arduino Nano, the data is a 4x4 array, and the Arduino Nano which location of the 4x4 arrays composted with the highest reading of the temperature, then it will then control the servo motor and direct the air swing to that location.
First, the Arduino Nano request the I 2 C data from the D6T-44L-06 thermal sensor. The sensor data is then processed due to the data transmission method it needs to divide by 10. Thus, after processing the sensor data, if the software developed by Matlab is requesting to get the temperature array, then Arduino Nano will send the temperature array through UART serial communication. This is to make sure the serial port is not overflowing by the temperature array by sending the temperature array upon request. Next, the servo motor will react based on which pixel where the hotspot is detected. The process is then repeated from the beginning. The flow of the algorithm is shown in Fig. 4 .
IV. RESULT AND DISCUSSION
The system was tested and applied in a room area with the room area of 3m × 3m of space. The data were analyzed to identify the presence of a human in the room. The experiment was carried out with one human standing at an area, two humans standing at different areas and no human at all under the situation when the air-conditioner is switch ON and OFF. The analyzed result will then use to control the air conditional to direct the air flow to the correct place. 
A. Human Detection
The thermal data is recorded. The blue line in Fig. 5 indicates the ambient temperature of the surrounding which is around 26 °C when the air-conditioner is turned on. Whenever the presence of human is detected, the thermal sensor will read higher temperature reading compared to others in a specific region. The human temperature may be varying from 32.5 °C to 35°C in normal condition. However, it depends on the surrounding temperature. Higher surrounding temperature can cause human to have a higher temperature. In contrast, a lower surrounding temperature can cause human to have a lower temperature. Fig. 6 shows the experimental results when there are one people standing in the room, which two pixels of the thermal sensor have a higher value than the others around 27°C. However, the temperature reading of the human body will depend on the distance of the object and the sensor. In addition, other factors such as cloth of human will affect the result. In this experiment, the presence of human is detected by taking the highest temperature reading on the 4×4 array. Fig. 7 depicts how the thermal sensor detects the temperature, in two areas. At the nearer area, it is using the equation (2) and the further area is using equation (3) . The temperature is depending on the temperature of the background and the temperature of the object inversely proportional to the area of the background. The temperature of the thermal sensor is calculated by the sum of temperature of object, To and the temperature of background, Tb divided by the area as shown in formula below
Tx(near) = (Tb1 +To1) /Area1
(2)
Tx(far) = (Tb2 +To2) /Area2 (3) Fig. 8 shows when there are two people present in the room, where 4 pixels of the thermal sensor has a higher value compared to another pixel. In this case, where there are two hotspot regions, the air swing will be diverted to both regions. To have a better understanding the graph is transferred to picture where the picture of the surrounding is taken using the camera and the thermal pixel value is screen shot then the both of the pictures are superimposed into one picture as shown in Fig. 9, Fig. 10 and Fig. 11 . 
B. Graphical User Interface
A graphical user interface is constructed using the Matlab software to monitor the temperature of the 4×4 array in a room, and also to have a real time graph displaying the current ambient temperature of the room. Here, the Matlab software will receive the data through serial communication and then process the received data and chunk the data into pixel and display the colour of the pixel based on the temperature as shown in Fig. 12 . The graphical user interfaces able to save the result into a text file to be analysed later. It can show the current ambient temperature of the surrounding, highest temperature and lowest temperature. It can turn ON or OFF the air-conditioner based on the request. The user can control the air flow manually which is to change the air flow to specific 4×4 array direction. The user interface allows the user to use an android based smartphone to connect to each other so that user can control the air-conditioner using their android phone through TCP/IP protocols.
C. Android Apps
The android app is designed for the user to control the airconditioner more conveniently using their smart phone. The Android app has the function similar to the software built by Matlab which is to switch ON and OFF, to set the delay time for the flaps to change their position and to set manually or automatically swing control. Fig. 13 shows the user interface of the Android apps.
V. CONCLUSION
The hardware has successfully integrated using the servo motors, relay, and Arduino Nano. The objective has achieved by the Arduino Nano able to detect a hotspot and change the air flow of the air-conditioner to the particular hotspot. The algorithm to detect the highest temperature is hence can be used to detect the hotspot. The sensor of D6T-44L-06 is reliable to be used on detecting hot spot. Since the algorithm of the hotspot detection system is to detect the highest temperature, so when there is no human inside the room, other object still has their own temperature, which mean by comparing the array of 4×4, the highest temperature still exists on another subject, therefore, the air-conditioner will direct the airflow to that location. Another limitation is when there are two human presences; the system will choose the highest temperature between the two humans. 
